The authors briefly review the deaths, injuries, and diseases attributed to hurricanes that made landfall in the United States prior to Hurricane Katrina; recent hurricane evacuation studies and their potential for reducing death, injury, and disease; information available to date about mortality, injury, and disease attributed to Hurricane Katrina; and psychological distress attributable to hurricanes. Drowning in salt water caused by storm surges has been reduced over the past thirty years, while deaths caused by fresh water (inland) flooding and wind have remained steady. Well-planned evacuations of coastal areas can reduce death and injury associated with hurricanes. Hurricane Katrina provides an example of what happens when evacuation is not handled appropriately. Preliminary data indicate that vulnerable elderly people were substantially overrepresented among the dead and that evacuees represent a population potentially predisposed to a high level of psychological distress, exacerbated by severe disaster exposure, lack of economic and social resources, and an inadequate government response.
Keywords hurricanes; physical health; mental health; evacuation; morbidity; mortality; Hurricane Katrina A ccording to the United Nations Development Programme (UNDP; 2004), four developed nations (the United States, Japan, Australia, and New Zealand) and twenty-nine developing nations have substantial exposure to hurricanes, cyclones, and typhoons. Hurricanes directly affect the public's health by causing deaths, injuries, infectious diseases, and psychological distress. Injuries and diseases that result in serious disability or death are increased to the extent that the health care infrastructure is damaged and public health services are disrupted.
The UNDP (2004, 13) maintains that "human deaths are the most reliable measure of human loss" after a disaster. We suggest that the dependence on mortality rates as the "best" indicator of impact reflects the fact that few studies have attempted to assess the number of injury and disease events that can be directly or
In this article, we will briefly review the deaths, injuries, and diseases attributed to hurricanes that made landfall in the United States prior to Hurricane Katrina; recent hurricane evacuation studies and their potential for reducing death, injury, and disease; information available to date about mortality, injury, and disease attributed to Hurricane Katrina; and psychological distress attributable to hurricanes, including Hurricane Katrina.
United States Hurricanes Pre-Katrina
Consistent with the observations of Shultz, Russell, and Espinel (2005) , the number and percentage of deaths attributed to drowning in hurricanes that made landfall in the United States has gradually decreased over the past thirty years, and outbreaks of infectious diseases have been rare. Woshon, Hamilton, et al. (2005) further noted that drowning in salt water caused by storm surges has been reduced, not drowning in fresh water. According to statistics reported by the National Oceanic and Atmospheric Administration (NOAA) Tropical Prediction Center, between 1970 and 1999, only 1 percent of deaths were caused by storm surge, while 59 percent of deaths were caused by fresh water (inland) flooding and 12 percent by wind (as cited in Wolshon, Urbina, et al. 2005, 130) . Between 1959 and Hurricane Katrina in 2005, no storms in Japan or the United States . . . resulted in more than 1,000 deaths.
Hurricanes Elena and Gloria, 1985 Hurricanes Elena and Gloria struck the Gulf of Mexico and the Atlantic coast in September 1985. Elena resulted in three storm-related deaths in Mississippi, two in motor vehicle accidents, and one due to electrocution. Visits to emergency rooms increased for approximately one week, but the frequency of total injuries roughly paralleled that of total visits. Gastroenteritis never emerged as a problem during the three-week period of observation (CDC 1986) . Gloria resulted in five storm-related deaths in Rhode Island: one from a falling tree, one from a boating accident, two because of lack of electricity, and one because of cardiac arrest while the person cleared debris from a roof. The largest increase in hospital admissions was on the day of the hurricane, with the greatest number of emergency room visits occurring the following day. Of 1,029 patients seen, 484 (47 percent) had sustained injuries. The most common diagnoses were laceration (22 percent), abrasions or contusions (20 percent), sprains (14 percent), and fractures (12 percent). More than half of the records reviewed contained insufficient information to determine whether they were storm related. Eighty-nine (9 percent) of the patients seen had problems clearly related to the storm; 73 had injuries including 26 (36 percent) with lacerations, 11 (15 percent) with fractures, and nine (10 percent) with chain saw injuries. Storm-related injuries were more likely to occur among males (71 vs. 60 percent) and among persons forty to forty-nine years of age (23 vs. 6 percent). Similar emergency room surveillance was conducted in a single Connecticut community of 51,430 residents. When comparing prehurricane to posthurricane periods, emergency room visits and visits for trauma increased, but the distribution of types of visits and the proportion of patients admitted to the hospital did not change. Rates were elevated for corneal abrasion (odds ratio = 3.9) and bee stings (odds ratio = 17.3) and were reduced for psychiatric categories (odds ratio = 0.23).
Hurricane Hugo, 1989
Hurricane Hugo struck Puerto Rico and the Atlantic coast of the United States in 1989. Nine persons died in Puerto Rico, two of whom refused to evacuate, subsequently drowning during the impact phase. Seven deaths were electrocutions, five of which were work related (CDC 1989a (CDC , 1989b (CDC , 1989c . It was unclear whether influenza-like outbreaks were increased in shelters (CDC 1990 ). In South Carolina, which was heavily hit by Hurricane Hugo, thirteen persons died during the impact phase, including six who drowned-five while attempting to bring boats inland and one when a storm surge hit a mobile home. Four persons were crushed by mobile homes, one person was crushed by the collapse of a house, and two were crushed by trees. Twenty-two postimpact deaths were recorded including nine in fires, four from electrocutions during cleanup activities, two from falling trees, and one in a chainsaw accident.
In inland North Carolina, 1,090 hurricane-related deaths and injuries were identified and studied. Three of 4 deaths were clearly related to Hurricane Hugo: 1 was caused by a falling tree, and 2 were attributed to drowning in creeks after motor vehicle accidents (Brewer, Morris, and Cole 1993) . The number of patients seen in emergency departments was elevated by about 300 above baseline levels of 821 for three days during and following the hurricane, and 30 percent of all emergency department visits were hurricane related. Eighty-eight percent of hurricane-related cases were injuries, with wounds, insect stings, sprains, contusions, and fractures being typical, with wounds and stings accounting for approximately half of the cases. Of 329 wounds caused by cutting and piercing instruments, 135 (41 percent) were caused by chain saws.
Hurricane Andrew, 1992
Following Hurricane Andrew (1992), 462 hurricane-related events 1 were reported in Louisiana by twenty-one of forty-two emergency rooms, five of nine coroner's offices, and two public utilities. Most events occurred after the hurricane (N = 321), 15 occurred before landfall, and 70 occurred during the hurricane. Of the 17 fatalities, 8 occurred before the hurricane, including 6 by drowning, 1 in a motor vehicle accident, and 1 by being crushed during a prehurricane tornado. Of the 445 nonfatal events, 41 percent (N = 184) were cuts, lacerations, or puncture wounds; and 11 percent (N = 49) were strains and sprains, primarily to the upper and lower extremities. Sixty-two illnesses were reported, but no details were provided (CDC 1993a (CDC , 1993c .
In contrast to prior hurricanes, most deaths in Florida (Dade County) directly attributable to Hurricane Andrew resulted from blunt trauma or asphyxia, rather than drowning in either a storm surge or flooding (CDC 1992) . Nine of the fourteen deaths during the impact phase were caused by blunt or penetrating trauma, four from asphyxia in collapsed buildings, and one from drowning. To control for malaria, dengue, and encephalitis, the density of nuisance mosquito populations was monitored in both Dade County, Florida, and Louisiana (CDC 1993b) . Although increased numbers of mosquitoes were found in Louisiana, no increase in diseases associated with mosquito vectors was reported.
Hurricanes Marilyn and Opal, 1995 Hurricane Marilyn resulted in ten deaths in Puerto Rico and the Virgin Islands. The only preimpact death was caused by electrocution, and the death of a 107-year-old woman was attributed to natural causes. The remaining eight deaths occurred in boats, with seven persons drowning and one death by head trauma (CDC 1996a) . Hurricane Opal (October 1995) resulted in a total of twenty-seven deaths in Florida (two), Alabama (twelve), Georgia (eleven), and North Carolina (two). One death occurred before the storm, thirteen during impact, and thirteen after impact. Seventy-eight percent (twenty-one of twenty-seven) of the decedents were males.
Of the twenty-seven deaths, twenty-four were considered unintentional while three were attributed to natural causes exacerbated by the hurricane. Thirteen deaths were related to falling trees with nine occurring during impact. Four deaths were attributed indirectly to power outages, including carbon monoxide poisoning (one) and house fires (three). One person drowned in a swollen creek, one was electrocuted while repairing a downed power line, and one suffered massive chest trauma when a tractor being used in cleanup overturned. Most of the 1,084 stormassociated injuries in the U.S. Virgin Islands involved minor wounds (e.g., abrasions, lacerations, puncture wounds) or trauma to the musculoskeletal system (e.g., fractures, sprains, strains, dislocations). In Florida, the only condition that increased in prevalence during and after Hurricane Marilyn was the proportion of health care visits for insect bites (CDC 1996b) .
Hurricane Georges, 1998 The contrast between the developed and developing world is clearly seen in reports of mortality and morbidity from Hurricane Georges (1998). In the Dominican Republic, approximately three hundred deaths were reported. Two months after the hurricane, a substantial number of households reported inadequate food, persisting medical needs, and lack of medications. In contrast, only eight deaths, all occurring after impact, were reported in Puerto Rico, with two deaths by carbon monoxide poisoning, four by fire, one by head trauma, and one by electrocution (CDC 1998 (CDC , 1999 .
Hurricane Floyd, 1999
Thirty-five (67 percent) of the fifty-two deaths attributed directly to Hurricane Floyd (1999) in North Carolina occurred on the day of the hurricane. The leading cause of death was drowning (thirty-six), with twenty-four occurring in a motor vehicle, seven in boats, four as a pedestrian, and one in a house. Most drowning occurred in flooded rivers, rather than in storm surges (Dow and Cutter 2000, 152) . When emergency department (ED) visits in the following week were compared with the analogous period in 1998, increases were reported in suicide attempts (relative risk = 5.0; confidence interval, 1.4-17.1), dog bites (relative risk = 4.1; confidence interval, 2.0-8.1), febrile illnesses (relative risk = 1.5; confidence interval, 1.3-1.9), basic medical needs (relative risk = 1.4; confidence interval, 1.2-1.8) and dermatitis (relative risk = 1.4; confidence interval, 1.2-1.6). When ED visits during a one-week period one month after Hurricane Floyd were compared with ED visits during the same period in 1998, increases were reported in arthropod bites (relative risk = 2.2; confidence interval, 1.4-3.4), diarrhea (relative risk = 2.0; confidence interval, 1.4-2.8), violence (relative risk = 1.5; confidence interval, 1.1-2.2), and asthma (relative risk = 1.4; confidence interval, 1.2-1.7). Routine surveillance identified outbreaks in shelters of self-limiting gastrointestinal disease and respiratory diseases (CDC 2000) .
Hurricane Isabel, 2003
Hurricane Isabel struck the Atlantic seaboard from North Carolina to New Jersey. Forty deaths have been officially attributed to the storm, but no detailed information about either the deaths or injuries has been reported.
hurricane season
The 2004 hurricane season was highly destructive to the state of Florida. Four hurricanes hit Florida, with Hurricane Charley resulting in thirty-five deaths; Hur-ricane Frances, forty; Hurricane Ivan, twenty-nine; and Hurricane Jeanne, nineteen (Dahlburg 2005) . As of September 1, the CDC reported thirty-one deaths from Hurricane Charley (August 13, 2004) , with twelve occurring on the first day of the storm, and eight during the next two days (CDC 2004b) . Seventy-seven percent (twenty-four of thirty-one) were to males.
Of the thirty-one deaths, twenty-four (77 percent) were classified as unintentional injury, six were attributed to natural causes exacerbated by the hurricane, and one was a suicide. Of the twenty-four deaths attributed to unintentional injury, seventeen deaths, ten on the day of impact, were due to trauma caused by falling trees, flying debris, and destroyed physical structures. As in Hurricane Andrew, only one death was caused by drowning. Other causes of death, all after impact, were carbon monoxide poisoning (three), electrocution (one), and two with multiple causes of death (i.e., trauma and electrocution; carbon monoxide [CO] poisoning and burns).
Successful evacuation of vulnerable areas has the potential to reduce casualties, both fatal and nonfatal, that occur when a hurricane makes landfall.
The Florida Department of Health added thirty questions to the Behavioral Risk Factor Surveillance System (BRFSS) to assess the impact of the hurricanes on state residents (CDC 2005b). All sixty-seven counties in the state were sampled using random digit dialing. Participants included 919 (53.9 percent) persons who lived in the forty-one counties in the direct path of at least one of the four hurricanes, and 787 (46.1 percent) who lived in the twenty-six counties not in the direct path. Physical injuries were reported by 4.6 percent of the first group and 3.8 percent of the second group. Of persons with preexisting health conditions such as diabetes, asthma, or cardiovascular disease, 5.4 percent reported their conditions were made worse by the hurricanes. Of that group, 13.6 percent reported having difficulty getting needed medications, and 9.0 percent reported problems using essential medical equipment. At the time of the interview, 10.7 percent of all respondents reported feelings of nervousness, worry, or anxiety because of the hurricane; while 6.0 percent reported feeling sad or having loss of appetite or difficulty sleeping; and 3.9 percent reported reduced mental ability to work or study.
The most prevalent risk factor for indirect morbidity and mortality following the hurricanes was improper use of portable gas-powered generators. "A total of 167 persons had nonfatal CO poisoning diagnosed during the study period, representing a total of 51 exposure incidents. The number of cases and incidents peaked within three days after landfall of each hurricane" (CDC 2005a). Six persons died in five additional exposure incidents.
Evacuation before Hurricanes
Successful evacuation of vulnerable areas has the potential to reduce casualties, both fatal and nonfatal, that occur when a hurricane makes landfall. During the past decade, research on evacuation behavior and patterns of evacuation has increased substantially. Cutter and colleagues have conducted a series of studies of evacuation in South Carolina prior to tropical storms and Hurricanes Bertha (1996 ), Fran (1996 , Bonnie (1998), Dennis (1999 ), Floyd (1999 , and Irene (1999), with particular attention to the impact of prior repeated calls for evacuation on residents' decisions to evacuate in the future (Dow and Cutter 1998 , 2002 . Van Willigen et al. (2005) have examined evacuations in North Carolina before Hurricane Floyd (1999), and Whitehead and colleagues (2000) have examined how evacuation behavior in North Carolina before Hurricane Bonnie (1998) might influence future evacuation behavior. Wilmot and Mei (2004) have developed models of hurricane evacuation based on data collected after Hurricane Andrew (1992), and Prater, Lindell, and colleagues (Lindell, Lu, and Prater 2005; Zhang, Prater, and Lindell 2004) have examined evacuations during Hurricanes Bret (1999) and Lili (2002) .
While evacuations have the potential to save lives and reduce injuries, they are costly in time, money, and credibility.
While evacuations have the potential to save lives and reduce injuries, they are costly in time, money, and credibility. Wolshon, Urbina, et al. (2005, 130) estimated that hurricane evacuations "can exceed one million dollars per mile of coastline [evacuated] from direct costs and losses in commerce, tourism, and general productivity." The timing and location of an evacuation order is critical if casualties are to be reduced. If an evacuation is ordered too early, however, the hurricane may change direction such that the evacuation order was either unnecessary or directed populations into areas that were more dangerous than the area that they evacuated. On the other hand, when evacuation orders are too late, dangerous areas may not be completely cleared before the hurricane makes landfall (Urbina and Wolshon 2003) . As Dow and Cutter (2000, 146) noted, "A discrepancy between timely and more accurate warnings has received considerable attention. The result is an evacuation policy that is, by design, precautionary, but raises concerns about credibility of the information and its source."
Prior to hurricanes Katrina and Rita, the largest evacuations occurred before Hurricanes Georges (1998) and Floyd (1999) (Wolshon, Hamilton, et al. 2005) . These two evacuations resulted in traffic jams throughout the Carolinas, Florida, and Virginia, as 2 million people evacuated, some spending as many as twenty hours in transit. Exacerbating traffic flow was the tendency of South Carolina households to take two cars, to evacuate within a limited time window, and to evacuate only on major interstates. Because 56 percent of coastal South Carolina residents fled the state, with substantial numbers going to North Carolina, this exodus contributed to problems in North Carolina, where landfall and much of the heavy rainfall and flooding occurred (Dow and Cutter 2002) .
Between one hundred and two hundred thousand residents of New Orleans were unable
or unwilling to evacuate the area, and large portions of the city flooded after the hurricane had passed through; these facts complicate efforts to assess when and how persons died.
Despite the substantial problems associated with the Hurricane Floyd evacuation, South Carolina residents, who have experienced numerous voluntary and mandatory orders to evacuate, continue to support evacuation and consider life safety the primary goal of evacuation. At the same time, they want authorities to keep traffic flowing out of the area, and they expect to return home within one or two days, although they recognize that services may not be restored for an additional two or three days (Dow and Cutter 2000) . This desire to return before services are fully restored could increase the probability that injuries and deaths will occur during cleanup, particularly if evacuated areas remain flooded.
Although Dow and Cutter (1998) found no associations between demographic characteristics (gender, race, and age) and decisions to evacuate, other researchers report that household size and the presence of children or older persons decreased the probability of evacuation before Hurricane Andrew (Gladwin and Peacock 1997) . Van Willigen et al. (2005) reported that younger, low-income African Americans who were not married were more likely to evacuate in Pitt County, North Carolina, before Hurricane Floyd, but possibly the most salient factor was residents' perception that their homes were at risk of flooding. Past experience, perceived safety of residents' homes, anticipated severity of the hurricane, and the location of landfall increased evacuation in the Carolinas (Dow and Cutter 1998) ; and distance from the nearest body of water influenced evacuation in Hurricane Andrew (Wilmot and Mei 2004 ).
It appears that mandatory evacuation orders by officials are more effective than voluntary ones in increasing evacuation, but mandatory orders rarely result in bodily removal of persons from their homes by officials. Only 51 percent of Florida respondents reported having an evacuation plan before the 2004 hurricanes (CDC 2004a). Dow and Cutter (2000, 151) suggested that residents of areas like the Carolinas and Florida, where multiple hurricane evacuation orders have been issued over the past few years, pay less attention to what officials say than they did in the past and instead base their decision on what they hear from the media. The Weather Channel and local media are judged the most credible sources of this information. Decisions not to evacuate are influenced by not knowing where to go or how to get there, lack of transportation, the cost associated with evacuation, care for pets, perceived delays in returning home, and perceptions that homes are safe and that the impending hurricane is not sufficiently severe or threatening.
Hurricane Katrina
In June 2002, The New Orleans Times-Picayune suggested that efficient evacuation was the key to survival should a major hurricane hit New Orleans and that "for an evacuation of the New Orleans area to work, more than a million people have to travel at least 80 miles over an aging, low-capacity road system to reach high ground and shelter" (McQuaid and Schleifstein 2002) . The authors noted that such an evacuation "requires a 72-to 84-hour window," which is substantially longer than the window within which forecasters can accurately predict a storm's track and strength. Such evacuations are highly dependent on private automobiles but, according to the 2000 Census, 27 percent of households in Orleans Parish, Louisiana, did not have an automobile. Wolshon, Urbina, et al. (2005, 136) estimated that 250,000 residents of New Orleans (not including tourists or "special needs" populations) have no means of private transportation and that the total number of buses available (464) could only evacuate 10 percent of those without cars. In fact, no buses were assigned to evacuate residents of New Orleans before Hurricane Katrina, and mandatory evacuation was ordered at 10:00 a.m. on August 28, only twenty hours before the hurricane made landfall at 6:10 a.m. on August 29, and twenty-five hours before the levees began to fail at 11:00 a.m.
Between one hundred and two hundred thousand residents of New Orleans were unable or unwilling to evacuate the area, and large portions of the city flooded after the hurricane had passed through; these facts complicate efforts to assess when and how persons died. First, the extensive floods delayed the retrieval of bodies for weeks, which made it difficult to determine both time and cause of death. Second, preliminary information indicates that, in contrast to other recent hurricanes, substantial numbers of persons drowned. It may never be possible to ascertain whether they drowned in storm surges directly associated with the hurricane or in the subsequent flooding associated with the breaks in the levees.
Mortality
As of mid-December 2005, only the state of Louisiana had established an official Web site on deaths attributed to Hurricane Katrina that was updated as deceased were released to families (Louisiana Department of Health and Hospitals 2005) . Combining that information with other, less dependable sources, 1,319 deaths had been attributed to Hurricane Katrina, with 1,070 (82 percent) from Louisiana; 228 (17.5 percent) from Mississippi; and a scattering of deaths in Alabama (N = 2), Florida (N = 14), Georgia (N = 2), Kentucky (N = 1), and Ohio (N = 2) (Wikipedia 2005). In addition, 57 evacuees were listed as official deaths, and more than 2,500 persons were listed as missing. In Mississippi, 40 percent (91/228) of deaths occurred to residents of Harrison County, 22.4 percent (51/228) in Hancock County, and 7.5 percent (17/228) in Pearl River County. No additional information was available about deaths of Mississippi residents at the time of this writing. Unlike Louisiana, it is somewhat more likely that the 228 deaths that occurred in Mississippi can be directly attributed to storm surge and wind at the time that the hurricane made landfall.
The Louisiana Department of Health and Hospitals continually updates the status of bodies examined at the St. Gabriel morgue. As of December 16, 2005, 902 of 1,095 recovered bodies had been examined. Of those examined, 97 percent (879/ 902) of deaths were determined to be storm related; the remaining 23 were listed as coroner's cases, suggesting that death occurred by violence or suspicious means. Of the 879 storm-related deaths, 512 had been identified and released to families, 169 were awaiting release to families, 1 had been identified and was awaiting autopsy, and the identities of 197 were unknown.
Of those that were storm related and who had been released to families, 74 percent (380/512) were residents of Orleans Parish where New Orleans is located; the remaining 132 persons were from Jefferson Parish (n = 26), St. Bernard Parish (n = 94), St. John Parish (n = 1), East Baton Rouge (n = 1), Washington Parish (n = 1), St. Tammany Parish (n = 2), Plaquemines Parish (n = 2), out-of-state (n = 2), and of unknown location (n = 3).
Commentators have speculated that vulnerable, poor African Americans were most at risk of death during and after Hurricane Katrina. By implication, this would suggest that women, African Americans, the elderly, and the young will be overrepresented among the dead. Gender, race, age, and parish of residence were reported for the 512 persons examined and identified at St. Gabriel Morgue, and released to families. When the 380 persons from Orleans Parish were compared to those from other parishes, 53.3 percent of Orleans residents were male as com-pared to 43.2 percent from other areas (p = .10), and 63 percent were African American as compared to 13.6 percent from other areas (p < .001). When compared with census estimates for 2004, where 46.5 percent of Orleans residents were male and 67.9 percent were African American, males are overrepresented among the identified dead, and African Americans are somewhat underrepresented.
When age is examined, vulnerable elderly are substantially overrepresented among the deceased. Forty-seven percent (239/512) of the deceased were older than seventy-five, and an additional 26 percent (77/285) were between sixty and seventy-five. Among those identified and released to date, only seven were younger than twenty. Age distribution does not differ by parish.
Gender, race, and age also were available for the larger group of 705 bodies that had been examined and identified at St. Gabriel Morgue; this group includes the 512 bodies that had been released and the 170 bodies that had been identified but not yet released. Like the smaller group, males were disproportionately represented among the dead: 51 percent (359/705) were male, 48 percent (339/705) female, and 1 percent (7/705) were of unknown gender. This compares with a state population that is 51.6 percent female. Forty-eight percent (339/705) were African American, which compares with a state population that is 32.5 percent (1,451,944/ 4,468,976) and a New Orleans city population that is 67.9 percent (302,041/ 444,515) African American. The single most striking fact, however, is the age of decedents. Sixty-seven percent (475/705) of the dead identified to date at St. Gabriel Morgue were older than sixty, and 44 percent (309/705) were older than seventy-five. Although not reported, these numbers may include 68 persons whose bodies were recovered from four nursing homes in New Orleans and St. Bernard Parish.
According to the New Orleans Times-Picayune, deaths in Orleans Parish were caused by drowning and exacerbated medical conditions, while the deaths in St. Bernard Parish are being attributed to drowning in a storm surge that was estimated at more than twenty feet (Warner and Scott 2005) .
Morbidity
Reports of physical injuries and disease episodes that occur after disasters, including hurricanes, are always less complete and less accurate than reports of deaths. In the case of Hurricane Katrina, this problem is exacerbated by the wide dispersal of evacuees, particularly those who left New Orleans. As we saw above, physical injuries are the most prevalent casualty after a hurricane, with most injuries occurring as a result of high winds and the collapse and movement of structures, trees, and other debris. Following hurricanes and other natural disasters, the media and others are quick to suggest that survivors are at increased risk of infectious diseases following hurricanes and floods, but in fact, detectable increases have rarely been documented, whether in the United States or elsewhere. To date, the CDC has issued reports on infectious diseases, dermatologic conditions, norovirus outbreaks, vibrio illnesses, and CO poisoning cases attributable to Hurricane Katrina (CDC 2005a (CDC , 2005f, 2005d (CDC , 2005c . A survey of Hurricane Katrina evacuees in Houston shelters has been reported (Washington Post, Kaiser Family Foundation, and Harvard University 2005), and assessments of the toxicity of the flood waters in New Orleans has been reported (Pardue et al. 2005 ).
Vibrio illnesses
While cholera is included in the Vibrio species, at least seven noncholeragenic Vibrio species have been reported as causing illness each year in the United States. Although these organisms are grouped with those that cause cholera, they cause distinctly different illnesses that are usually either food borne or wound associated. Food-borne illness results from eating raw or undercooked shellfish, particularly oysters or other contaminated foods; wound-associated infections result from exposure to seawater or brackish waters where the organism naturally occurs. The most frequently reported posthurricane vibrio illnesses were V. vulnificus and V. parahaemolyticus wound infections. Eighteen cases were reported in residents of Mississippi (N = 7) and Louisiana (N = 5); persons displaced from Louisiana to Texas (N = 2), Arkansas (N = 2), and Arizona (N = 1); and a person displaced from Mississippi to Florida (N = 1). Ages ranged from thirty-one to eighty-nine, and 83 percent (fifteen of eighteen) were male. Most patients were hospitalized and five died. In 72 percent (thirteen of eighteen), underlying health conditions including heart disease, diabetes, renal disease, alcoholism, liver disease, peptic ulcers, immunodeficiency, and malignancy may have contributed to the severity of the infection.
Four persons, including a two-month-old boy, were reported with non-woundassociated vibrio infection in Mississippi (N = 2), Louisiana (N = 1), and one person displaced from Louisiana to Arizona. None of these persons died.
On average, 412 cases of noncholeragenic vibrio illnesses were reported each year between 2000 and 2004 in the United States, with an average of 14 reported in Gulf Coast states and 7 being wound related. Clearly, the number of woundassociated cases reported in August and September of 2005 exceeds the average annual rate, and all can be traced to exposure to flood waters after Hurricane Katrina (CDC 2005e). Thirty-three percent reported that they had experienced health problems or injuries as a result of the hurricane or flooding. No questions were asked about the health problems or injuries being experienced by evacuees, but the CDC later reported thirty cases of methicillin-resistant Staphylococcus aureus dermatologic infections among both child and adult evacuees in Dallas, Texas, and approximately one thousand cases of acute gastroenteritis among evacuees in Louisiana, Mississippi, Tennessee, and Texas during the first three weeks after the hurricane.
Infectious diseases and dermatologic conditions among evacuees
Between September 2 and 12, 2005, some 6,500 of the 24,000 evacuees at Reliant Park visited the medical clinic, with 1,169 (18 percent) having symptoms of acute gastroenteritis. Stool samples identified norovirus as the source of infection in 50 percent of cases. Noroviruses are the most common cause of outbreaks of acute gastroenteritis in the United States. Outbreaks are spread through personto-person contact or from fomites 2 that form in crowded settings, such as cruise ships and shelters. Once an outbreak begins, norovirus is highly contagious, easily transmitted, and remarkably resistant to cleaning agents. No confirmed cases of Shigella dysentery, typhoid fever, or toxigenic cholera were identified (CDC 2005d (CDC , 2005c .
Surveillance of nonevacuees
CDC, the Louisiana Department of Health and Hospitals, and functioning treatment facilities established an active surveillance system "to detect outbreaks of disease and characterize post-hurricane injuries and illnesses" (CDC 1996a (CDC , 1018 . Between September 9 and 25, the system had monitored 7,508 reports of health-related events of residents and workers in Jefferson, Orleans, Plaquemines, and St. Bernard Parishes. Retrospective data going back to August 27 were collected when possible. Fifty-five percent (4,169/7,508) of events were illnesses; 26.9 percent (2,018/7,508) were injuries; and 17.5 percent (1,321/7,508) involved medication refills, wound checks, and so forth. Thirty-four percent of events (2,567/7,508) occurred to residents, 13.8 percent (1,037/6,167) to relief workers, and status was unknown for 52 percent (3,904/7,508) . The surveillance detected an apparent increase in acute respiratory illnesses over the period while, consistent with data reported after other hurricanes, 35.5 percent (716/2,018) of the injuries reported consisted of cuts, blunt trauma, burns, and environmental exposures; and 23 percent (464/2,018) of falls. Relief workers were significantly more likely than residents to be seen for rashes, such as prickly heat, arthropod bites, and the abrasive effects of wet clothing and moist skin (odds ratio = 1.7; confidence interval, 1.4-2.1).
Carbon monoxide poisoning
CO poisoning primarily occurs when people use portable generators in confined areas. Fifty-one cases of CO poisoning were reported between August 29 and September 24 in Alabama, Louisiana, and Mississippi. Thirty-eight cases (74.5 percent) occurred within the first week after the hurricane. Five persons died; the forty-six survivors were treated either with hyperbaric oxygen (N = 37) or high-flow oxygen (N = 9) (CDC 2005a).
Toxicity of flood water
Considerable concern has been expressed about the potential toxicity of the flood waters in New Orleans. The only systematic study reported to date examined samples obtained on September 3 and 7 in the Lakeview district bounded by Lake Pontchartrain to the north and the 17th Street Canal to the west, where one of the levee breaks occurred, and from a comparison site some six to eight miles distant, the Tulane-Gravier neighborhood in the Mid-City district. Areas selected for sampling were determined by accessibility and safety issues (Pardue et al. 2005) .
Surface waters were low on oxygen, and samples indicated that levels of lead, arsenic, and chromium exceeded drinking water standards. The floodwater was similar to normal stormwater runoff found both in this area and other areas. "What distinguishes Katrina floodwaters are their large volume and the human exposure to these pollutants that accompanied the flood rather than extremely elevated concentrations of toxic pollutants" (Pardue et al. 2005, 8595) . The authors concluded by stating that "although some conclusions can be drawn about the quality of the floodwater based on this data set, more detailed human exposure, waste load allocation, and ecological risk assessment calculations for Lake Pontchartrain should be conducted prior to reaching ultimate conclusions regarding the environmental impacts of Hurricane Katrina" (Pardue et al. 2005, 8598) .
Psychological Distress Attributable to Hurricanes
Explanatory models of disaster exposure and psychological distress primarily focus on four critical factors: characteristics of the stressor (disaster), cognitive processing of the traumatic event, individual characteristics, and qualities of the environment (such as social support systems) predisaster and postdisaster (Green et al. 1990) . The extant models differ in their emphasis on the various factors, but all attempt to describe the interrelationships between the characteristics of the event and the resources of the individual. These include a conceptual model (La Greca et al. 1996) , the conservation of resources theory (Freedy et al. 1992) , the social support deterioration deterrence model (Norris and Kaniasty 1996) , and an adaptation of stress theory (Folkman et al. 1986 ). Either in the context of these models or independently, many parameters have been studied as potential predictors of posthurricane distress. Two emerge as stable predictors of distress, severity of exposure and previous mental health problems, whereas most other factors show some inconsistency across studies (Caldera et al. 2001) . In regard to outcome, post-traumatic stress disorder (PTSD) has been studied most commonly, using a variety of instruments that have been administered at varying posthurricane intervals. Partly as a function of this variability, estimates of postdisaster PTSD range widely, but collectively, it is reasonable to conclude that hurricanes have a measurable impact on the mental health of children and adults, at least in the short run.
Although the relationship between exposure and distress is robust, intervening individual difference variables, such as coping self-efficacy and optimism, are important in determining degree of distress (Benight et al. 1999) . Coping selfefficacy is conceptualized as the individual's perception of his or her ability to manage stressful or threatening environmental demands. Data collected from adults five months after Hurricane Hugo showed that resource loss directly affected level of distress (measured by the SCL-90 and the Impact of Events Scale) and also operated through coping self-efficacy. The extent to which optimism and available support were able to diminish the impact of resource loss depended on the individual's confidence in his or her coping abilities. This study and others emphasize the utility of considering both internal resources (such as optimism) and external resources (social support) in modeling the pathway between disaster exposure and psychological distress.
A number of studies have focused on children in affected communities. In general, increased exposure is associated with increased distress, although most children score in the normal range of distress, and their recovery tends to be relatively rapid. After Hurricane Andrew, the perception of life threat during the hurricane was a stronger determinant of the intrusion and avoidance subscales of the Impact of Events Scale (a measure of PTSD) than the actual number of traumas experienced (Jones et al. 2001) , suggesting that children may be less sensitive to loss than adults. Regarding recovery, the proportion of elementary school children scoring in the severe to very severe range of PTSD on the Reaction Index was 30 percent at three months after Hurricane Andrew, 18 percent at seven months, and 13 percent at ten months postdisaster (La Greca et al. 1996) . Among the factors that predicted a slow recovery (drop in PTSD score) were intervening, non-hurricane-related life events. Non-hurricane-related life events were as important as hurricane exposure variables in explaining psychological distress in other studies of children, as well (Hardin et al. 1994) .
Studies that have collected data on children's postdisaster psychological distress from children's self-report and parents reporting on their children highlight where their perceptions diverge. After Hurricane Hugo, 90 percent of third-to fifthgrade students in high-impact areas scored in the range of severe psychic trauma on the Reaction Index (Belter, Dunn, and Jeney 1991) . Parents' report showed a substantial but much smaller proportion of the children (69 percent) could be classified in the severe trauma category. Furthermore, children's trauma was not correlated with any of the objective indices of damage, whereas parents' report on their children's psychological state was correlated with each of the indices of damage, again underscoring that adults are more distressed than their children by tangible resource loss.
Investigations that have included outcomes in addition to PTSD demonstrate a high degree of comorbidity. For example, among Nicaraguan adolescents after Hurricane Mitch, the comorbidity between PTSD (using the Structured Clinical Interview for DSM [SCID] , based on Diagnostic and Statistical Manual of Mental Disorders, 3rd Revised Edition criteria) and major depression in the most severely affected city was 79 percent (Goenjian et al. 2001) . Regressing depression on relevant predictor variables showed that PTSD accounted for 55 percent of the variance. A study of adults (David et al. 1996) yielded similar results (68 percent comorbidity between PTSD and major depression) and, in addition, showed that after adjusting for multiple statistical comparisons, severe damage was the only risk factor that was associated with all of the disorders.
The remainder of this section of the article will attempt to extrapolate to Hurricane Katrina what is known about disasters and mental health. Based on published reports from other disasters, we can offer several predictions about the psychological morbidity associated with Hurricane Katrina. These are discussed in light of the results of a survey conducted between September 10 and 12, 2005, among 680 randomly selected adult evacuees residing in Houston shelters. Interviews were conducted face-to-face, with an estimated 4 percentage point margin of error (Washington Post, Kaiser Family Foundation, and Harvard University 2005) . The disaster literature shows that vulnerable persons are particularly prone to postdisaster stress, with vulnerability encompassing prior distress, social class, gender, and linguistic or social isolation. Disasters enhance socially structured inequalities already in place (Kaniasty and Norris 1995; Tierney 2000) , particularly among community members who experience chronic adversity (Richmond 1993) . Indeed, the most robust relationship in psychiatric epidemiological research is the negative association between socioeconomic status and psychological distress. The overwhelming majority of residents in the most severely affected counties/parishes (Orleans, St. Bernard, East Baton Rouge, and Jefferson Parishes in Louisiana; and Harrison and Hancock Counties in Mississippi) were poor. For example, the median household income in Orleans Parish before Katrina was $27,133, compared to $41,994 for the United States, and rates of poverty in 2000 were more than twice as high in Orleans Parish than in the United States as a whole (27.9 compared to 12.4 percent) (U.S. Census Bureau 2000) . Of the evacuees surveyed in Houston (98 percent of whom had evacuated from the Greater New Orleans area), 59 percent reported that their total annual household income before taxes during the prior year was less than $20,000, and 32 percent said it was less than $10,000 (Washington Post, Kaiser Family Foundation, and Harvard University 2005). Thus, on this basis alone, one would expect high rates of psychological morbidity.
A second aspect relevant to Katrina is that disasters generate new, secondary stressors that serve as reminders of the trauma (Shaw, Applegate, and Schorr 1996) and further tax coping capacity. Such stressors include but are not limited to lack of food and shelter, relocation, crowding, financial strain, and coping with insurance companies and social services intended to be of assistance to survivors. In terms of financial strain alone, 72 percent of the evacuees surveyed in Houston reported having no insurance to cover their losses, and similar proportions of respondents had no bank accounts from which to withdraw money (68 percent) or any useable credit or debit cards (72 percent) (Washington Post, Kaiser Family Foundation, and Harvard University 2005) .
Paramount among the secondary stressors that emerge after a disaster is disruption of social networks. In disaster situations, demand for support can exceed a network's capacity to provide support (Kaniasty and Norris 1993; . Instrumental, as opposed to emotional, support is especially important in the face of disaster stressors (Haines, Hurlbert, and Beggs 1999) , yet potential support providers may not be in a position to provide instrumental support. After Hurricane Katrina, social networks were disrupted to the extent that individuals waited for days, and often weeks, without knowing the fate of their family members. Two weeks after the hurricane impact, 48 percent of the evacuees surveyed in shelters in Houston reported that they were still trying to find family or friends (Washington Post, Kaiser Family Foundation, and Harvard University 2005). Seventy-nine percent of the survey respondents also reported they had no relatives or friends that they could "move in with until you are back on your feet." Communication in all forms was severely impaired, and network members were unable to provide assistance, either because they could not reach the survivors or because they were overwhelmed with their own situation. This predicament is most likely exacerbated in New Orleans where an unusually high number of multigenerational family members reside.
Equally important to support from personal networks was the lack of timely assistance and response from governmental agencies. This has relevance from two perspectives: what is known about the impact of human-initiated disasters and the importance of a speedy return to normalcy. Human-initiated disasters tend to yield higher rates of mental impairment than natural disasters . Although Hurricane Katrina itself is classified as a natural disaster, human elements were potent, including inattention to preventive maintenance on the levees, poorly coordinated evacuation efforts, and an ineffective and seemingly uncaring postdisaster response. The majority of evacuees (79 percent) surveyed in Houston believed the government response to the hurricane and flooding was "too slow and there's no excuse," 68 percent believed that race and poverty affected the speed of rescue efforts, and 61 percent said their experience made them feel like the government does not care about people like themselves. Beyond the lack of prediction and control that is characteristic of all disasters, human elements in disasters shatter fundamental beliefs about vulnerability, mortality, and human nature, leaving survivors with a sense that their lives have spun out of control (Difede et al. 1979; Ursano, Fullerton, and Norwood 1995) and, in Katrina, that their lives are not valued.
In regard to achieving normalcy, the available literature on postdisaster mental health interventions converges to suggest that resources should be devoted to facilitating a quick return to predisaster conditions and routines in affected communities Sattler et al. 2002; Siegel, Shoaf, and Bourque 2000) . This includes restoring utilities, reopening businesses, and reestablishing social services. In the immediate aftermath, survivors of disasters need concrete and timely information on how to find shelter and access other forms of assistance (Joh 1997) . In the longer term, to minimize the stress of relocation (Riad and Norris 1996) , affected communities need to begin the process of rebuilding both the physical and social infrastructure. Survivors of Katrina are facing a seemingly open-ended time line in their community's return to normalcy. Accordingly, the negative psychological impact is likely to persist as well.
Overall, the data from the Katrina evacuee survey describe a population seemingly predisposed to a high level of psychological distress: a severe disaster exposure, a lack of economic and social resources, and an inadequate government response. Most likely, such distress will be described in future post-Katrina studies that sample from other settings and involve a postdisaster time interval more typical of published research. In the immediate aftermath, however, the evacuees that were housed in Houston were surprisingly resilient. When asked to describe their feelings about their future, a strong majority said they felt relieved (71 percent), grateful (82 percent), and hopeful (87 percent). Most felt that their religious faith had been strengthened by their experience (81 percent). Taken together, these responses most likely reflected their happiness at being alive and removed from any immediate peril. Still, a sizeable minority were depressed (50 percent), angry (39 percent), or frightened (35 percent) about their future. In future investigations of the mental health of Hurricane Katrina survivors, it will be important to document postdisaster experiences, including evacuation, to identify factors that exacerbate or diminish psychological distress following a major disaster.
Summary
The impact of hurricanes, cyclones, and typhoons on physical and mental health differs substantially between developed and developing countries. Within the United States and its territories, an area at high risk of hurricanes, mortality rates have declined over the past century, and the causes of mortality have shifted considerably. Few people drown in a storm surge; rather, they drown in flooded inland rivers and other bodies of water, or die from injuries caused by falling trees, collapsing structures, or other wind-tossed debris. In contrast, mortality in developing countries continues to be high, and a substantial proportion of deaths result from drowning in storm surges.
Deaths that occur during the impact phase could be prevented if officials issued timely evacuation orders and provided transportation for those unable to evacuate and if coastal residents heeded recommendations to evacuate. Preliminary information from Hurricane Katrina suggests that effective evacuation of New Orleans would have reduced postimpact deaths as well as those that occurred as the hurricane made landfall. If vulnerable elderly had been out of the area when the levees failed, death rates would have been substantially reduced.
Postimpact deaths and injuries primarily occur during cleanup activities and as a result of naïve attempts to replace nonfunctioning utilities. Both chain saws and portable generators consistently are reported to be a source of injury, illness, and death following hurricanes. Requirements that residents stay out of evacuated areas until utilities are restored and preliminary cleanup has been completed probably would reduce some of these injuries and deaths, but evacuated residents are anxious to return home both to assess property damage and in an attempt to reestablish the normalcy of prehurricane routines.
Studies of psychological morbidity following hurricanes suggest that distress increases in both children and adults but diminishes with the passage of time. Severity of exposure and prehurricane mental health problems are the most consistent predictors of distress. The wide dispersion of Hurricane Katrina evacuees across the United States, which has disrupted social networks and prevented a return to normalcy, combined with the lack of timely assistance and response from governmental agencies, may exacerbate the mental health problems of victims. Hurricane Katrina was not just a natural disaster. It was also a human-initiated and technological disaster that, for some, may have no foreseeable end.
Notes
1. An event is defined as a reported clinical impression for illness or mechanism of injury for injuries, toxic exposures, or carbon monoxide poisonings.
2. A fomite is an inanimate object, like a used tissue or dish, that transmits an infectious agent from person to person.
